Introduction
In recent years, the prevalence of neural tube defects (NTDs) has declined markedly in many countries, from 1 per 1000 birth to 0.1-0.3 per 1000 births [1] [2] [3] [4] [5] . Besides early pregnancy screening programme coupled with induced abortion of abnormal foetuses, periconceptional folic acid supplementation has reduced the incidence of NTDs [3] [4] [5] [6] [7] [8] [9] [10] . However, as not all women take or have access to periconceptional folic acid supplementation, the prevalence in some countries could not be reduced to a greater extent as expected. Consequently, mandatory food (flour in particular) fortification with folic acid has been widely proposed or implemented in many countries in recent years to reduce the prevalence of NTDs further [3] [4] [5] [6] [7] [8] [9] [10] .
In Malaysia, consumption of wheat-based products, especially noodles, is very popular in all segments of the society. However, mandatory food fortification with folic acid has not been implemented, although preparation is underway by the government to implement this in the near future. Voluntary food fortification is encouraged and practiced by some manufacturers. A study on folate intake by Malaysian women of childbearing age showed that 15.1% of the women had plasma folate deficiency (<6.8 nmol/L), and 84.8% had red blood cell folate levels below 906 nmol/L, indicating inadequate blood folate for protection from NTDs in pregnancy [11] .
The prevalence of NTDs is unknown in Malaysia, as no large-scale population study has been undertaken. A smaller population-based survey in the Kinta district of Malaysia in 2001-2002 reported a birth prevalence of NTDs of 0.73 per 1000 live births in 17 720 live births [12] . The Malaysian National Neonatal Registry (MNNR) has member neonatal intensive care units from 32 out of 40 public hospitals in Malaysia. These member hospitals delivered more than half of the annual total live births in the country. Therapeutic termination of pregnancy is only legally allowed for maternal indications in this country and not routinely performed in public hospitals. In view of this, the prevalence of NTDs from these hospitals under MNNR may give an estimate of the extent of NTDs in Malaysia.
This study aimed to determine the baseline prevalence of NTDs in the MNNR and early outcome of this group of infants before implementation of mandatory folic acid fortification programme (FFP). The baseline data may help us to gauge the impact of the FFP when implemented in the near future.
Methods
This was a prospective cohort study. Neonates born in the year 2009 and diagnosed to have NTDs in 32 out of the 40 Malaysian public hospitals participating in the MNNR were included in the study.
The remaining six hospitals did not participate because they were small hospitals with few neonatal beds (six or less) and without pediatricians in 2009.
The following conditions were included as NTDs in this study: spina bifida (a defect in the vertebral column with corresponding spinal cord and meninges protruding with or without cover by the overlying skin), anencephaly (total or partial absence of the cranial vault and scalp, often with associated absence or reduction of brain tissues), encephalocoele (herniation of the brain and/or meninges through a defect in the skull) or miscellaneous types of NTDs (such as tethered cord, lipomyelomeningocoele and lipomeningocoele) based on the International Classification of Disease, 10th edition [13] . The demographic data of each of these infants (including their maternal age, ethnic groups, gravid status, parity, maternal illness during pregnancy, birth weight, gestational age and gender), types of NTDs, duration of hospital stay and outcome before discharge were entered into a standard format of the MNNR. Data on total live births of each of the participating hospitals were obtained from their respective hospital annual census.
The prevalence of NTDs among all inborn infants, each of the ethnic group of the inborn infants and each of the common types of NTDs among the inborn infants were calculated against the denominators of total live births in the hospitals participating.
Results
During the study period, there were 263 034 live births in the MNNR. One hundred forty-one infants were admitted with NTDs, all with complete data. The mean maternal age of infants with NTDs was 28.5 years (95% CI: 27.4-29.5), median maternal gravid status was 2 (range: 1-3) and median parity was 1 (range: 0-11). Diabetes mellitus was present in 17% of these mothers and hypertension during pregnancy in 5.7%. Majority of them (61.7%) were Malays, 9.9% Sarawak indigenous people, 9.9% foreigners, 8.5% Indians, 5.5% Sabah indigenous people, 3.5% Chinese and 1.4% other Malaysians.
Male infants constituted 48.2% of the live births with NTDs. Their median birth weight was 2650 g (range: 515-4370), and median gestation was 38 weeks (range: 25-41). Two-thirds (66.0%, n ¼ 93) of them were appropriate for gestational age, and 28.4% (n ¼ 40) were small for gestational age. Singletons constituted 97.9% of the live births. Majority was delivered vaginally, and 39.7% by lower-segment caesarean section.
The most common type of NTDs was anencephaly (n ¼ 54, 38.3%), followed by spina bifida/myelomeningocoele (n ¼ 42, 29.8%), encephalocoele (n ¼ 24, 17.0%) and miscellaneous types (n ¼ 24, 17.0%). Some of the infants had only one type of NTDs, while others had more than one (Table 1) . Three (2.1%) infants had Down syndrome, and two (1.4%) had Patau syndrome. Sub-group analysis showed that 53.7% of infants with anencephaly, 38.1% of infants with spina bifida, 61.9% of infants with encephalocoele and 50% of infants with miscellaneous types of NTDs were male. Seventy-two infants (51.1%) died before discharge. Thirty-three infants (45.8%) died before 12 h of life, and majority (75.8%, n ¼ 25) had anencephaly. Majority of the infants with anencephaly (94.5%, n ¼ 51), 45.8% (n ¼ 11) of those with encephalocoele and 9.5% (n ¼ 4) of those with spina bifida died before discharge. The median duration of hospital stay for all infants with NTDs was 4 (range: 0-161) days, for those with anencephaly was 1 (range: 0-161) day and for those with other types of NTDs was 10 (range: 0-128) days. Majority (78%, n ¼ 110) of the infants were inborn. The prevalence of NTDs was 0.42 per 1000 live births ( Table 2 ). The highest prevalence was among the indigenous people of Sarawak, and the lowest among Malaysians of Chinese descent. There were 51, 28 and 18 inborn infants with anencephaly, spina bifida and encephalocoele, respectively. Thus, the prevalence of anencephaly was 0.19 per 1000 live births, spina bifida was 0.11 per 1000 live births and encephalocoele was 0.07 per 1000 live births.
Discussion
This study shows that the prevalence of NTDs in Malaysia was 0.42 per 1000 live births. Most of the infants with NTDs were born at term. Both genders [14, 15] . The mortality rates of anencephaly and encephalocoele were, however, similarly high, and death generally occurred during the first few days of life. The majority (>90%) of our infants with spina bifida survived to go home. Our cohort of 141 infants with NTDs from various ethnic groups was the largest ever reported in Malaysia. The strength of our study lies in the large number of live births involved, and data came from the whole of Malaysia. The main limitations include the following: (i) failure to include NTDs in stillbirths and abortus in the participating hospitals, with resultant possible underestimation of the actual prevalence; (ii) lack of data from home deliveries (5% of the total births) and from private hospitals; and (iii) screening of all the inborn infants, using ultrasonography, to detect spina bifida occulta and other less obvious NTDs such as tethered cord not being a routine in the participating centers. As a consequence, it is highly likely that we underestimated the actual prevalence of NTDs in Malaysia. Compared with an earlier small study in the district of Kinta in Malaysia [12] , where the prevalence was reported to be 0.73 per 1000 live births, the prevalence detected in the present study (0.42 per 1000 live births) was much lower. The Kinta study included data on all live births with >22 weeks of gestation, all deliveries that occurred in both private and public hospitals and termination of pregnancies. However, the number of live births recruited was small, and only 13 infants were detected to have NTDs. Other reason for the lower prevalence of NTDs found in our study than the Kinta study could be recent improvements in dietary intake of folic acid or folate among Malaysians, and increased rates of termination of pregnancy for NTDs before 22 weeks of gestation.
Despite this underestimation, the prevalence of NTDs in the present study was still higher than that reported in the USA in the early 1990s before the implementation of food fortification with folic acid (0.378 per 1000 live births) [5] . Furthermore, even though our prevalence was similar to that reported by the Australians in 2005 (0.46 per 1000 births) [4] , our prevalence could be underestimated, as we did not study NTDs in the stillbirths and terminations after 20 weeks as the Australians had done.
Similar to the Australian findings [4] , younger mothers and indigenous women in Malaysia showed higher rates of having NTD infants. Without more detailed data, it is not clear why the Sarawakian indigenous people had higher prevalence than other Malaysians. Some possible reasons include (a) genetic predisposition [16] ; (b) being a more rural community with less access to early antenatal care and information, periconceptional folic acid fortification and early antenatal diagnosis and termination of affected pregnancies; and (c) diet preference, with less exposure to food fortified with folic acid. Currently, folic acid fortification of food was voluntary and not mandatory in Malaysia. The urbanites, which constituted the majority of the Chinese Malaysian and large proportion of the Malays, had more access to such fortified food than communities living in very rural areas of Sarawak, where the road systems were less well developed. Although high rates of consanguinity were reported as an important cause of NTDs in some communities in other countries [16, 17] , it is not likely a major cause of NTDs among the Sarawakian indigenous people, as consanguineous marriage was not encouraged and practiced commonly. In the present study, there were only a few infants with trisomies, suggesting that this was not a common risk factor associated with NTDs in the Malaysian cohort. Without data on maternal obesity and diabetes mellitus status of normal infants in our study, it is not possible to determine whether these were significant factors associated with NTDs in our cohort as reported by others [18, 19] .
Based on the results of the present study and those of Khor et al. [11] , which reported low serum levels of folic acid among Malaysian women in the childbearing age, there is an urgent need to actively promote periconceptional folic acid supplementation and consumption of local food rich in folic acid [20] among women of childbearing age in Malaysia, especially in Sarawak. Inclusion of information on the importance of folic acid consumption in the curriculum of health personnel and school children, public education and stepping up promotion of early antenatal care and antennal screening are some of the strategies that need to be considered. Given the fact that there are some limitations in the extent to which periconceptional folic acid supplementation could reduce the prevalence of NTDs [3, 4] , as not all women have access to or are willing to take folic acid supplementation, mandatory folic acid fortification of food should be implemented without further delay. Future studies on NTDs in Malaysia should include serial monitoring of trend of NTDs in different communities, investigation of serum and red blood cell folic acid level in the NTDs and normal population and epidemiological studies on risk factors of NTDs, and should aim to determine whether the types of
